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ABSTRACT
This study was mainly focused upon the impact
of heavy metals pollution (Cd, Co, Cr, Cu,
Mn, Ni, Pb and Zn) in aquatic macrophytes of
the littoral zones of the lakes of Bangalore
Urban region. The heavy metals concentrations
were as follows: Manganese (257.6±39.6)
ppm; Lead (66±12.5)ppm; Chromium
(64.9±6.2); Nickel (42.3±3.2), Cobalt
(18.8±4.0) and Cadmium (4.7±0.7). Copper,
Manganese and Zinc were largely within
normal range while Chromium, Lead, Cobalt
and Nickel were in critical range. There were
more statistically significant correlations
between metals in the dry than in the west
seasons. Calculation of the mean plant/metal
bioaccumulation factor in all the plant species
was as follows: Mn (1030.3) > Zn (154.9) >
Ni (42.7) > Cr (34.1) > Cu (33.1) > Pb
(33.0) > Cd (29.3) > Co (198). Cyperus
rotundus accumulated high levels of heavy
metals while Eichornia crassipes had the lowest
levels. This study underlines the continued
deterioration of urban wetlands as well as
tracking the hyper-accumulation performance
of several locally available aquatic macrophytes
which could provide huge potential in the
choice of available aquatic macrophytes in the
engineered wetlands that are currently
constructed to treat inflowing channels before
the water reaches the lake.
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INTRODUCTION
The increase of industrial activities has intensified environmental pollution
problems and the deterioration of several aquatic ecosystems with the
accumulation of metals in biota and flora (F.R. Espinoza-Quinones et al., 2005).
Chemicals derived from agricultural operations (pesticides and herbicides),
domestic and industrial effluents, such as metals find their way into a variety of
different water bodies and can produce a range of toxic effects in aquatic organisms
(Al-Kahtani, 2009). Aquatic macrophytes are known as good indicators of heavy
metals contamination in aquatic ecosystems. They are specifically called as
accumulator species and their response to metal exposure provides an in-depth
bio-monitoring potential that has several advantages in the study of in situ
assessment affected wetlands (Gurcan Gulyeruz et al., 2008).
Based on their ecological niches in an ecosystem, aquatic macrophytes may be
emergent, submerged, and free-floating species and play a key role in improving
water quality and providing habitat for wetlands and aquatic animals. As primary
producers, their metabolic activities alter the physico-chemical conditions of a
water system (Narayana, 2000). Moreover, aquatic macrophytes inhabit various
sections of aquatic ecosystems in different zones within the water spread area
and around the banks (Gopal et al., 2002).
The objective of this study was to evaluate the accumulation of heavy metals
pollution (Cd, Co, Cr, Cu, Mn, Ni, Pb and Zn) in aquatic macrophytes of the
littoral zones of the urban lakes of Bangalore.
MATERIALS AND METHODS
About the study area: Bangalore is located between 12º59' N L and 77º55' E L
at an altitude of 920m. Latest remote sensing data on the distribution of the urban
wetlands of Bangalore shows a total of 2,789 water bodies of various sizes and
ecological condition. Many are seasonal and a significant number of them are
permanent with serious stages of environmental degradation.
Sampling strategy: The names of the species used in the experiment included
Eichhornia crassipes (Mart) Solens, Alternanthera philoxeroides (Mart), Cyperus
rotundus, Ipomea carnea Jacq, and Polygonum glabrum L, Panicum
purpurascens (Raddi.). In order to enhance the accuracy of the results, samples
from within the littoral zone (McGee et al., 2007) and immediately within the tidal
line of the lake were selected. Only aerial parts of the plants were chosen. In the
laboratory the samples were washed using distilled water several times (Farago
and Mehra, 1989) and dried at 105ºC for 48 hours (Burton and John, 1977). The
dried samples were stored in a polythene bag and under cool dry conditions.
 Microwave - assisted digestion of plant samples: In this study, a high performance
microwave assisted digestion instrument called a 6-Monobloc Microwave Ethos
D Microwave Labstation was used (Baron, 2004). This was with an automatic
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user interface system with a direct automatic temperature and
pressure control of up to 300ºC and 100 Bar respectively
under the given power reference.
About 0.5g of each sample was digested in 4mL of conc.
HNO
3 
and 0.2mL of H
2
O
2
 for 5 minutes under 250watts and
500watts, respectively. Analysis was done with the help of
Shimadzu Atomic Absorption Spectrophotometer (AAS) 6300
model with Air-C
2
H
2
 flame type of an average fuel flow rate of
between 0.8 to 4.0L/min and the support gas flow rate between
13.5 to 17.5L/min was used for sample analysis.
RESULTS AND DISCUSSION
The results for heavy metals concentration in the aquatic
macrophytes are presented on Table 1. The plant
Bioaccumulation Factor between the heavy metals is
represented on Table 2. The temporal analysis in terms of
Pearson’s correlation coefficient is represented on Tables 3, 4
and 5 respectively.
Cadmium: The concentrations of Cd in Cyperus rotundus
spp ranged between 1.1 - 14.5ppm (Mean: 5.5±7.7). This
Macrophytes Σ
n
Species Cd Co Cr Cu Mn Ni Pb Zn
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
E. crassipes n = 48 5.1 23.3 75.4 10.1 216.6 41.3 80.5 36.6
A.philoxeroides n = 39 4.5 16.6 63.7 12.6 224.4 38.2 65.6 39.6
I. carnea n = 24 4.2 14.6 65.3 10.5 240.1 41.10 51.8 48.4
C. rotundus n = 30 5.5 24.2 64.3 15.8 310.0 41.20 50.6 46.0
P. glabrum n = 21 3.7 16.2 64.4 7.8 302.0 47.5 72.4 56.7
P. purpurascens n = 15 5.1 17.9 56.1 10.7 252.3 44.2 75.3 33.0
Dalvi et al. (2007) Normal 0.01 – 0.4 - 1 - 10 4 - 15 - 0.02 – 5 0.1 - 10 3 - 100
Critical 0.4 – 2.3 - 20 - 100 20 - 100 - 10 – 100 30 - 300 100 - 400
Nirmal Kumar et al (2006) Normal - - - - - - - -
Critical - - - 25 – 90.0 - 10 – 50 - -
Maiti (2003) Normal 0.1 – 2.4 0.02 – 1.0 0.03 – 14.0 1 – 50.0 20 - 100 0.02 – 5 0.2 - 20 1 - 400
Critical 5.0 – 30.0 15.0 -50.0 5.0 30 5.0 30 300 - 500 10 – 100 30 - 300 100 - 400
Table 1: Mean concentrations of heavy metals in major aquatic macrophytes of bangalore wetlands
Macrophytes Σ
n
Species Cd Co Cr Cu Mn Ni Pb Zn
E. crassipes n = 48 31.87 10.45 39.68 29.7 866.4 41.7 40.25 130.7
A.philoxeroides n = 39 28.12 75.45 33.52 37.0 897.6 38.5 32.8 141.4
I. carnea n = 24 26.25 6.63 34.36 30.88 960.4 41.5 26.0 172.8
C. rotundus n = 30 34.37 11.0 33.84 46.5 1240 41.6 25.3 164.2
P. glabrum n = 21 23.12 7.36 33.9 23.0 1208 48.0 36.2 202.5
P. purpurascens n = 15 31.87 8.13 29.52 31.5 1009.2 44.6 37.65 117.8
Table 2: Plant/water bioaccumulation factor (BAF)
* Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the
0.01 level (2-tailed)
Table 5: Pearson’s correlation coefficient between heavy metals in
plants in wet season 2007
Cd Co Cr Cu Mn Ni Pb Zn
Cd 1
Co .164 1
Cr -.139 -.170 1
Cu -.156 .095 -.118 1
Mn -.021 .212 .116 .070 1
Ni .027 -.266(*) .210 -.053 -.073 1
Pb -.234 -.206 -.158 .043 .187 -.183 1
Zn -.073 -.092 -.212 .450(**) .092 .069 .141 1
Table 4: Pearson’s correlation coefficient between heavy metals in
plants in dry season 2007
Cd Co Cr Cu Mn Ni Pb Zn
Cd 1
Co -.065 1
Cr .029 -.037 1
Cu .272(*) .261(*) -.145 1
Mn -.034 -.109 -.077 .143 1
Ni .100 -.131 .273(*) -.298(*) -.278(*) 1
Pb -.051 .056 -.270(*) .131 -.002 -.158 1
Zn -.067 .360(**) .091 .045 .075 -.098 .082 1
Cd Co Cr Cu Mn Ni Pb Zn
Cd 1
Co .242 1
Cr .198 -.029 1
Cu -.248 .016 -.138 1
Mn .246 .031 .085 -.112 1
Ni .314(*) -.110 .092 -.229 .326(*) 1
Pb .132 .005 -.190 .078 -.032 .076 1
Zn .006 .044 -.160 -.008 .301(*) .075 .095 1
Table 3: Pearson’s correlation coefficient between heavy metals in
wet season 2006
Figure 1: Map showing the wetlands of Bangalore urban region
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was followed by Panicum  purpurascens spp. with
concentration range 0.96 - 12.71ppm (Mean: 5.1±6.6).
Eichornia crassipes spp range was 0.9ppm – 13.0ppm (Mean:
5.1±6.9). In Alternanthera philoxeroides spp, Cd
concentrations ranged 0.7ppm – 10.7ppm (Mean: 4.5±5.4).
The Cd concentration in Ipomoea carnea spp ranged 1.4ppm
– 9.4ppm (Mean: 4.2±4.5). The Cd level in Polygonum
glabrum L spp ranged 0.5ppm – 9.4ppm (Mean: 3.7±4.9).
All species exceeded the guidelines for normal range in plants
as suggested by Maiti (2003) and Dalvi et al. (2007).
Cadmium is one of the phyto-toxic metal which causes the
reduction in the rate of photosynthesis caused by destruction
of Chloroplast cells in plants (M.D. Azeemul Hassan et al.,
2009). It also accumulates in several tissues and complexes
with amino acids, organic acids, and other major parts of
plant metabolism (Benavides et al., 2005). Cadmium at low
concentration is not toxic to plant although in some plant
species it may get accumulated in leaves and cause leaf
chlorosis (Richa Marwari et al., 2009).
Cobalt: Cyperus rotundus recorded the highest mean
concentration 24.2±15.9ppm. The mean concentration in
Eichornia crassipes spp was 23.3±15.6ppm. The mean
concentration in Alternanthera philoxeroides spp was
16.7±1.7ppm. In Panicum purpurascens spp, the mean
cncentration was 17.9±15.7ppm while in Polygonum
glabrum spp, the mean concentration was 16.2±8.5ppm.
Ipomoea carnea had the least Co levels with the mean of
14.6±7.8ppm. All species except Ipomoea carnea exceeded
the guidelines for normal range in plants as described by
Maiti (2003).
The normal range for Co in plants is 0.02ppm – 1.0ppm. The
critical concentration range is 15 – 50 ppm (Maiti, 2003).
Chromium is very toxic to aquatic organisms and may cause
long-term adverse effects in the aquatic environment (Darrie,
2001). It is also highly soluble and more bio-available
inhibiting plant’s growth, hampering root’s growth, causing
discoloration of leaves, inhibition of seed germination and
the overall crop’s productivity and yield (Nath et al., 2008).
Chromium: According to Maiti (2003), the normal range limit
for Cr in plants is 0.03 ppm - 14.0 ppm or between 1 - 10 ppm
as reported by Dalvi et al. (2007). The critical level range
reported by Maiti (2003) is 5 - 30 ppm or between 20 ppm -
100ppm (Dalvi et al., 2007). The range of Cr in the study area
between the analyzed species was 56.1ppm - 75.4ppm. The
maximum concentration was recorded with Eichornia
crassipes with the mean concentration of 75.4±15.6ppm.
The mean concentration of Cr in Ipomoea carnea spp was
65.3±15.6ppm. The Cr levels in Polygonum glabrum spp
were 64.4±39.4ppm. Cyperus rotundus recorded the mean
of 64.3±32.8ppm. Alternanthera philoxeroides had the mean
Cr levels 63.7±56.4ppm. Panicum purpurascens
accumulated the least concentrations with the mean of
56.1±42.1ppm.
Copper: The maximum concentration of Cu in plants was
recorded in Cyperus rotundus spp with the mean
concentration of 15.8±15.6ppm. The mean concentration
of Cu in Alternanthera philoxeroides spp was 12.6±7.3ppm.
The mean concentration of Cu in Panicum purpurascens spp
was 10.7±9.9ppm. Ipomoea carnea recorded the mean of
10.5±7.4ppm. Eichornia crassipes had the mean Cu
concentration 10.1±5.4ppm. Polygonum glabrum
accumulated the mean of 7.8±5.9ppm. The Cu mean
concentrations of all plant species were largely within the
guidelines normal range in plants as reported by several
authors in previous studies (Abbasi et al., 1998; Maiti, 2003;
Dalvi et al., 2007).
Among industrial sources of copper pollution are the copper
plating, pulp and paper mills, e-waste, sewage and other forms
of waste waters. The normal range of copper in plants is 1 - 50
ppm although it is also reported that the normal range should
be 4 - 15 ppm (Abbasi et al., 1998). Kumar et al. (2006) report
the critical range between 25 - 90ppm. According to Maiti
(2003), the normal range of Cu in plants should be between
5.0ppm - 20.0ppm. The critical level is between 5.00ppm -
30.0ppm. Dalvi et al. (2007) reported the normal range for Cu
at 4 - 15ppm while the critical range was between 20 - 100ppm.
Manganese: There was a large accumulation of Manganese in
Cyperus rotundus spp. The mean concentration was
310.0±297.5ppm. Polygonum glabrum spp had the mean
concentration of 302.0±102.1ppm. The mean accumulation
of Mn in Panicum purpurascens was 252.3±25.6ppm.
Ipomoea carnea spp had the mean Mn concentration of
240.1±74.7ppm. Alternanthera philoxeroides accumulated
the mean of 224.4±71.0ppm. Eichornia crassipes had the
lowest mean accumulation of 216.6±84.4ppm. Cyperus
rotundus and Polygonum glabrum recorded mean
concentrations levels that were within the critical range for
plants (Maiti, 2003).
Manganese is important for vital plant functions and act as a
cofactor in various enzymes as well as in the structure of
chlorophyll (Ducic and Polle, 2005). Manganese is very
abundant where there is a large concentration of heavy
automobile traffic (Shyam et al., 2008). The critical plant
concentration range of 300 - 500ppm is reported by Maiti
(2003).
Nickel: The mean concentration level of Ni in Polygonum
glabrum spp was 47.5±16.6ppm. Panicum purpurascens spp
had the mean concentration level 44.2±10.4ppm. The mean
for Eichornia crassipes and Cyperus rotundus were
41.3±6.4ppm and 41.2±10.5ppm respectively. Ipomoea
carnea spp had the mean concentration 41.1±16.4ppm.
Alternanthera philoxeroides spp recorded the least mean
concentration of 38.2±19.1ppm. The Nickel levels for all the
species were within the critical range reported by Kumar et al.
(2006).
Nickel is used extensively in Nickel plating and alloy
manufacture. High nickel alloys are used in chemical, marine,
electrical, oil refining, and other industrial processes. In benthic
Algae of fresh water lakes, Ni concentrations have ranged
between 52 – 74ppm (Abbasi et al., 1998). Small amounts of
Ni may be beneficial to plants and its plant toxicity varies in
magnitudes according to plant species. Cases of Ni poisoning
in plants include dwarfing or repression of growth (Sharma,
2001). The critical category of Ni contents in plants as
described by Kumar et al. (2006) is between 10 – 50ppm.
Lead: The highest accumulation of Lead was recorded in
Eichornia crassipes with the mean of 80.5ppm±3.0. Panicum
HEAVY METALS ACCUMULATION IN MACROPHYTES
44
purpurascens recorded the mean concentration of
75.2±31.6ppm. Polygonum glabrum spp had the mean
concentration of 72.4±25.3ppm. Alternanthera philoxeroides
spp had the mean concentration of 65.6±13.7ppm while
Ipomoea carnea spp had the mean concentration
51.8±34.7ppm. Cyperus rotundus spp accumulated the
mean of 50.6±22.2ppm. Lead levels were in the critical range
for these plants (Maiti, 2003; Dalvi et al., 2007).
Lead (Pb) has been known to accumulate in aquatic
macrophytes in considerable levels based on the rooted and
floating species. According to Shyam et al. (2008) Lead’s
concentrations vary from species to species and Richa Marwari
et al. (2009) report that Lead’s toxicity in plants cause a
decrease in the percentage germination, seedling growth, and
fresh and dry weight. Sometime Lead acts in combination
with Cadmium and Zinc in imparting severe toxicity in plants.
Lead’s concentration ranging from 0.1 – 10.0ppm has been
known to inhibit growth of small macrophytes and algae. The
critical range for Pb as described by Kumar et al. (2006) and
Maiti (2003) is 30 – 300ppm
Zinc: The mean concentration of Zn in Polygonum glabrum
spp was 56.7±12.3ppm. Ipomoea carnea spp recorded the
mean of 48.4±26.9ppm. Cyperus rotundus spp had the mean
concentration level of 46.0±9.0ppm. The mean concentration
for Alternanthera philoxeroides was 39.6±10.1ppm.
Eichornia crassipes had recorded the mean concentration of
36.6±6.4ppm and Panicum purpurascens had the mean
concentration of 33.0±12.7ppm.
Zinc is a prime metal used in phosphates fertilizers, Ghee
Manufacturing, Metal Processing Units, Zinc Plating Industries,
Silver plating industries, distillery units, landfill leachates, urban
storm water, fly ashes of coal powered plants, poultry sewage,
and compost (Abbasi et al., 1998; Dash and Sagar, 2008).
The critical concentration range in plants is reported to be
100 - 400ppm (Maiti, 2003).
Pearson’s correlation coefficient between metals: There was
statistically significant positive correlations between Cd/Ni
(.314)*, Mn/Ni (.326)*, and Mn/Zn (.301)* in the first sampling
season (Wet). The correlations were at maximum during the
second sampling season (Dry) with Cd/Cu (.272)*, Co/Cu
(.261)*, Cr/Ni (.273)* and Co/Zn (.360)*. The low negative
correlations between metals were as follows: Pb/Cr (-.270)*,
Cu/Ni (-.278)*, Mn/Ni (-.278)*. In the last sampling season
(Wet), there was a low negative correlation between Co/Ni (-
.266)* and the medium negative correlation between Cu/Zn (-
.450)**.
Plant/water bioaccumulation factor (BAF): Bioaccumulation
of heavy metals contaminants in aquatic macrophytes help us
measure the degree and the extent to which various species of
a wetland ecosystem are exposed to metal contaminants and
how much of those contaminants are hyper-accumulated in
these plants. The ratio of heavy metals concentrations in plant
samples against concentrations of the same heavy metals in
water was calculated. The results are presented on Table 3.
Primarily, the mean concentrations of the selected heavy metals
in lake water were as follows: Cd (0.16±0.05ppm), Co
(2.2±0.05ppm), Cr (1.9±0.46ppm); Cu (0.34±0.10ppm) Mn
(0.25±0.1ppm), Ni (1.0±0.32ppm); Pb (2.0±0.57ppm) and
Zn (0.28±0.05ppm). Calculation of the mean plant/metal
bioaccumulation factor in all the plant species was as follows:
Mn (1030.3) > Zn (154.9) > Ni (42.7) > Cr (34.1) > Cu
(33.1) > Pb(33.0) > Cd(29.3) > Co(198). The hyper-
accumulation in the plant species themselves showed Cyperus
rotundus as the highest hyper-accumulator while Eichornia
crassipes was the lowest. The full trend was as follows: Cyperus
rotundus > Polygonum glabrum > Panicum purpurascens
> Ipomoea carnea > Alternanthera philoxeroides >
Eichornia crassipes.
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